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UMMART

Thi, projeot was carried out to investigate the influanoe
of urine pH ahangu on the renal a oration of druga that are
weakly acidic. In ohoo”ing the diuj . to he uses in the project
tirw xaotioahility of thed assaj in a oomon laboratory was
considered. Hence four drugs wort clioaen, Appirin, Ghlorot-iiaaide
julphathiazole and lilphafuraeole. Bata were used in all the
experiments tnat were oarried out. In e*oh experiment the
urine was collected over a period of 24 hours ana analysed

rug in question. In thia way, the amount of drug axuret-d in
urine unaer varying urine pH ooncitian.. were determined., dodiun
bicarbonate and Ammorlua chloride were used to nuke the urine

alkaline and aoidio respectively.
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Tnit project wa resigned to eoternine the effects
of orel admini,tration of alkali and acla upon the renal

oxcrut-on of cLiiigu that are weakly -cieio.

The kidney is the moat im octant organ of excretion
and a. ouch most sub”tanoee are excreted in urine. Hopnrar,
uomo other substances are oxcrotod in bile, sweat] saliva,
gaatric juice, or from the lungs. The excretory unit
of the kidney id the Bephron. In the lumen kidney
there are millions of these units. The ne.hron essentially
ooauista of a filter called the Boy®an*a Capsule, with a
long item called a renal tubule. The collecting duct
is al .0 functionally a part of the nephron, the blood
vessels that supply the capsule ocaarvi the tubule are al.o
an ouaontial part of the nephron. The Bomman*a Capsule is

paoued with a aae3 of branching inter connecting oapiU”rieo
(gloaerular tuft) which proridso a large surface area of
capillary endothelium through which fluid end

aoleculed may filter into the cap ule and paee down the
tubule. The gloaerular tuft together with the Bowmman*a
capsule constitute the gloaerule,. The gloaerular oapillary

endothelium and the supporting layer of Bowrarj cap ule



uacve pore3 ranging upwards to 40°A, Honoe, unbound
olutea (drug.) and even a little amount of albumin . paeu

into the glomerular filtrate.

The post—loaerualr vessels which lie oloee to the
tub-ilea are critically important, to renal function in
the aense that aub.tanaoa re-abaorbed. from the filtrate
by the tubalej are returned to the blood along the « veuaela.
Functionally the tubule can be divided into three major
part.: | the proximal convoluted tubule, the loop of Eanle

and tho distal Convoluted tubule.

After filtration the glomerular filtrate pa-sea through
the proximal tubule, where some soluties nmay be re-absorbed
through the tabular epithelium and 'Coturned to the blood
stream, de-absorption occurs pertly by passive diffusion
and partly bp active transport especially with .odium and
gluooae. Consequently, by these processes the filtruts
becomes diminished in Toluca by approximately bQbin the
Proximal tubule, although it is not concentrated. In the
Proximal tubule soma acidification occurs as a result of
oaxbotio anhydraue activity in the tubule cells and the
diffusion of hydronium ion reacts with the bio™xbonate ion,

wULoh Is convexted to re-abaorbab-e non—onio carbon dioxide.

®here i alsoaotire transport of organic o .tions

and ion. into the lumen (tubular secretion), eaoh by a



a separatalLatvia, fue™a active trun ,~ort ajatea, are
extroaely important in the exarutian of a auobar of drug.,
for example renioillin a is ra. idly secreted by the

anion transport ay .ton and tetraothylsnaoniua by the

option transport u.y«tem.

As the filtr-te travels uoim tat t .oule t .rough the
loop of Janie it becune, oonoantr.tea, e .peoi™lly
at th~ bottoa, ama result of attire reabsorption and
the counter ourraot distribution offeot of the renal
apparatus In the distal tubule aodiun re-absorption
occur partly in exchange far Potasaiua and hydxuniun
ion,. rmonia ooration nay be either aoidifiad or alkalinisod

according to the acid-bane and electrolyte requirement.

ecua are alao re-absorbed in the distal tubule
end is* pft of the urine hare is extremely important in

detuxwining the rate of re-absorption and amount roHibeorbed.
fhe pii of the tubular fluid alao affect >the tubular
suorstion of drags. »ueo the drug in the tubule i. highly
iu -isu- only alittle of the urug cun be roabaurbed. Uanoe
oot of the drag is r* idly excreted in urine. lhe urine

pu and nanoe drug excretion say fluotuato widely aooordinj

to the uiet, axax iau, drugs* tine of <y and other factor ;.



Obviously, tho exurotion of voak adds and bases oon
be portly controlled vita aoldifring or alL&llniatng salts

for ex-aple Aouoaium Gularide or -odiua biourbonuta roepactivoly.

Comparative studios on pgtenay and -ffioaqy of drugs
j» man have uce.jinotrated the inpcrt:.noo of aontrollmg
urinary pa. Urin* pH L* Important only vhan the drug in
question is a voak uoid or baso of wnioh a significant fraction
is excreted through the renal route. Xh* .la™ma level,
DT 9 e*e I fMBA% (V e 4 Vie V
of the drug vill b* affected dua to the ohange., in tide

oxo etory rata. Xhl say have far revoking affects an

tho therapeutic 1 effoot of the drug.

The ia ort-no« of urine pH, in the oxerstion of drug:
has bean illustrated by eevaral workers. Uilaa at <1 (19j7)
found that aooanylaaine (basic)%ifs oxoretcd noro the;r;kiio.lﬁJrrm
tines faster vhan tho urine pHia lo”™a than 5.5 then vixen
it 1 obovo 7.5. Haag aau Laraon (1942) daaon tratod
that in the ocaaa of -niootina the extant of urinary exaction
of tha craaioal omy ea related to tbs pH of ths urine.

*aay emphasised tha iaportanoe of taking into consideration
tha disaooiation oonstaat of a drug and the relative ro-
ab'eorbility of tho free and disociatjd bass, extending
those atuAie to ths uriaury excretion of quinine in man,
Hoag, Lor en and ahwartz (1943) found that tha urinary

I>could be doubled by passing from an alkaline to an

acidic urine and they asaribad the difference to greater



ro-cb.sorption of quinine .roe the urinary tr-ct whun

the urine in alkaline. inur on and hole (1243) found,
that renal clearance of quinuorine va subject to ICO-fold
rio-iatioeL' due principally to two variableif the urinary
ju and the renal plain* flow, iho esny nalaria research
unit & Oxford (1>45) «*pha ined the striking parallelled

between excretion of ~ijnacriae end Acnonle,

Th, of wrecnium u. . sodiua biuurboa-t™ o:. the urine

< # m 4 00 -ma * »oo- 1 4 l«Uu , # i P L > e > > 4
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After inge.tion and absorption, the iai™+ ion is
convertod by the liver to Urea, during which process hjr*roiux

ions are’. liberated.

2nd*—  »hKj ¢ k* ¢ car

fhe hydrogen ion .o forcod react- with bioarbon tea and
othor buffers in the axtra-oellular fluid, deduction in

the bicarbonate concentration oau.ea an increase in

rution (n aaj*-,ne0 ~ ¢ a*) ~uoljig

M

an increase In tho oonoantration of hylro™on ion in
the uxtra-oollular fluid. Gonaaquontly thore is a fall
in the pQ, resulting in tho foroation of aoidio urine,

end re .ult is that chloride ion displace the bioaraonute



thi latter i wuoorertad to o-rbon dioaiie, Ema, the ahlorius
to th-* Kidney*- i , inara.. od ad ’\pntpoAcabIo oaoape* reaboorption
along with aa equivalent aaount of cation (m-inly Bat+ ) and

i 0-0 notio quantity of water.

Aftor Ingestion of odium Dio -rboruto, the oxocsa of
ourbonate load presented to the diatal tubulo ia not ooaplotely
jztralisud by the available hydrojon ion < Con equuntly the
pruoacoe of exoe.. bioarbon-ies in the cxtra-oollular floid result in

the produoxion of alkaline urine,

IATIR1J. m UJ tdfzli ?U,

) /0Okaliniaing agent - ,odiun bioai'bon-te - “biii)
(i1) woidififing agent - Aaooniiu ohlariue - inalytioal rougimt
(iii) urugn u odi-
Aapirin Tablet., iOOa,.; B.P (Jut» iharnuooutio la Ltd.)
ulphafuraaole Tablets, ~COcg, B.P ( lough -hgland)
nljhati iaaolo Tablet,, ~O0aj, B,P,0 ( lough <Jagland)
wilorotniafllole Tablets, SCQt=? d,P (a.?. -onk and Go. Ltd)
(iv) Aniaal - hats

(v) 7?la ks and burette

(vi) -Atuoolio cage*,
iujj-" > -i?3

Ultraviolet ,peotrophotceuter - Unicorn P UCO

At meter, - Pye Unioaa
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The purpose of th.ee set of experiment wus to letamine
the a proximate aaount of either ..mncaiiun ohloxide or
jodiun bicarbonate required to achieve aoidic end al kal i ne
urine pHvalues respectively in r a t | n each case
inc easing o-jounte of either Annoniun Chloride or pdiun
bicarbonate were orally fed to the rat., and the urine
oollcotod over a period of 24 hourj. The pE of the urine
obtained was determined using a pfl meter. Thi excroi e
was repeated until the aininaua amount of either Aaroni un
chloride or .odium bioarbonate required, to produce ejgpeotod
urine pHwas obtained. (In this oa.ee tho expected urine

pE was cither aoidio or alkaline) The reunite are shown

on Table 1.

rtantative Estimation of hru”j in Urine under Tar./iiy;

Three group of rate each oonaioting of 3 animal,
wero olneen and starved for at le at 24 hours. Three rats
were used for eaoh experiment to ensure enough urine wa
obtained. The rati were hydrated to ensure reasonable
aaount of urine was ooilaoted within the experimental period.
To one of the groups odiun bicarbonate was given orally

and to the seoond group Aomoniun Chloride was given. The



The third group was used as a control. Then equal
amounts of the drug were given orally to the three groups
of rat-. The three groups of ruts were than plaoed in
three different metubolio cages and the urine collected
in measuring cylinder. over a toriod of 24 hours* The
pH of the urine was noted to ensure it was within the
expected range. The urine va,; filtered and decolourise,
with ¢ arool. The urine was then quantatively analysed
for the drug under test. Shis w-s done by obtaining an
absorption spectra for the drug. julphurio acid

and 0.1H odium hydroxide were useaA as the solvents to
obtain the absorption spectra of Aspirin and Chlorothiazide

Kcepeotively.Typical aboorpticn s.cotra are shown on

figures 1 end 2. The results obtained are shown on Tables

H and III.

wnant-tive estimation of -ulph-Xuraaole and dol.h-taiuaolo in Urine

The experimental ..et up was the same a for Aspirin and
Chlorothiazide just described except that the method of
analysis wa, titrioetrio. Atitration vae carried out
with 0.1M standard aodfaa hitrite solution at a temperature
below 15°C until a drop of solution immediately gives a
blue colour on starah-lodide paper. xhe end point va,
ooaplote when the end point oould be reproduced after the
titrated solution was allowed to sta aard for ono minute.

The titre was noted. The results obtained ore shown on

Tables 17 and 7.
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*o¥ «re ebanse * -«
Amount given to Iltog/ 14Ctog/ 210tafl/ 300ng/ 60dy  90my
eaoh rat 0.25kg. 0.25kg. 0.25kg. 0.25kg. 0.25kg. 0.25kg.
Sl *#l
Volume of urine 193*1. 23ml 21ml 210l PPNl 20ml
oolleoted
as shewn
o >&* L*

Jailer, JW] Boaonfeld, J. -nd jhannon, J.A

iu their work on renal excretion of guinaorina,
C2ilorog.uiiia and jtentaquine used .odium bio—bonata
and Anmonium Chloride to urine alkaline

ocidio respaotively.

>
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Calculation of druG in urine from ab-jorfranoei

The spootrophotonatrio nethod sac used to analyse the urine for
Aspirin and Qhlorothiasids. dnoo the eztinotion Coeffioiontc
for both drug., at theirAnax is known, it is possible to

oal oul-'.e their concentration in urine u.,ing the Beer-Laubort

relationship,

1 - C Xl

khere A Absorbano© at max
, airtinotion Coeffioient at max

0 * Concentration in g/IGO nl

'_\
1

Path length of the cell in Centimetres.

For exaaple, the aaount of Aspirin exoxeted in urine under

alkaline oonoitiane was oaloul-tod as shown belowi-

A " “~on X1
0<3 - 055X exl
e " 0,63 rJiQQal
65.5
0 - 0.00902s
C - 9.62kg of &3pirin

Similarly, the amount of Chlorotkiaside erfreted in alkaline

urine can be oaloulatedt-

ffiaVEJRSITV HP XATDMIT
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A~ V o l«| 0X1
0.92 - 700 X C* 1
C - 0.92 g/10Col
700
C - 0.001314s
C - 1.31479 of Chlorothiazide.
, 2/6 tti j ij) 1

But ,incu a dilution of tan-fold, was nude during the

anal/ai then ooncantr tian of Chlorothiazide in urine

" MffBi
mau | ®5 I

Tide other value , were iailarly oaloulated ue shown above.

ihe ro,-,ult, are ahoun in table.* Il and ITT,
0035 | 2.069«e

L 71 |300* i 0.2% j 4 43ag

' ! ‘0*375 6,Qin®



Table 11

ifl

Sodium Q.7

bio rbonate

Alisaonima )

Chloride

Control 7.1

(no agont)

13

*3PIkm

Amout of
drug

gir™n

300ng

Hhanplifluna
at Anmex

276 na

o_7C

0.56

0.135

0.29

0.395

kO'-nt of
dxug

gxoreted in

10.69ag

-.55ns

1%

2. 06%g

4.43ng

6.03nc

AVOTfdoy
amount of
~rug
exoretud

in urine

9.02ms.

2.1306.

5.23ag.



. Tr>.

jcLum
ioaxbonate

*x

m=-.

isaoniun

Jiloride

Jantrol

(no o”ont)

*

HI

8.5

57

7.2

mH CGeothiar3ai

REOuUNt of bsorbunoe

drug giver  itA«@* '8

i Im»

400g 0.92

40ng 0.30
4Cog 0.39

A ten-fold

dilution wa., Liade

Auount of

drug excreted in

urine

13.143fc.

11.4Jis.

12.7ife.
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In calculating the amount of e<'ulphataiazole or
-ulphafurazole excreted, the foliowin. relationship was
derived, ftoa the titration roaction, 1 moleof .odium
Nitrite is required for every nolo of oither julphathiuzole

or julphafurazole.

NHa
No NO.
0 emc- ttCl
&
ifT-elg  NaNO, Ar - It =
Gono. liol
Therefore
1 molar isolation of EAJO s. 235s of ( ..ulphatniazole)
1000: 1 of IN  HaNP * 235s of cMyi302”
lal of IN fiaSO, 2 0.235s of COHON302e2
1 al of 0.IN NaNO2 = 0.0255s of CMiyirOg ~
235s 2  Molecular weight of orlphatoiazole

Inilarly, a imilar relationship can be derived for .ulphafurazole*-

1 molar solution of NaSO™ = 267.3, of CjjHjjiljGjJ
1000ml of IN ha.Oo 2 2673s ofh V 3 O/

Im of IN NaNO2 - 0.2073s of Cj*H”~O

1m of O.fl NeNC2 2 0.02673g of CL1HL3N303S
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267.3C * Itolecul x voi&ht af isclj.

The above rol-txou hipswore u.od to colo-J*tu tho amount of

tiruc czoxjfcod In uriao a. folio*.*-1-

Otar example in, xlkallna oca- tion the aaoj*t of idjlttl iazolo

nnmifjl in —*

- 0.026> X5.> Xfi
- 0.15086

“ i150,i>ae of SOphathlugole

-iailw 1/, the aaount of Jul~L f urazolo iixcrtttod in

-U.alinn Qon*litiOH. MB be 11 »
- 1,02673 1 6.6 fl

- .r-AiLia; #..alM atasgte

flu other value8 vero siailarly oaloulatod as uhown abovu.

*a~ xXu alt* are aoan in table. IT and 7.



Taels IT
ffi uc*~ut of
drug jivea
oujyn WwCtas
biourbouto
AracnlaE 5.7 IOCog
CMLcriil*
Gcri”oi 7.0 lyCETg
(*.0 -\jairt)
- Jj
K ApOHt of
amg girtn
odiun c7 2ICng
biourbeoato
i 5.5 2iaxg
tfaariu*
Control 7.1 21CB3

(no c™Munt)

Sitre

5.9M

41-1

Sitro

6.0g9l

3.5

5.4p1

Aat at of
Iruc oxarotod.

in urino

XD« 50fi

71.533

104.5503

V.ount of
drug uxorotod
in urine

Ittl.76uE

113.56

144.34--s



AaPXilg

In the body Aspirin (acetyltalic.,lio -cid) Li hydrolysed
to ..lioylio acid. Henoe, iuo to tiu> presence of thio
uetubolito in urine the estimation of a pirin in urine could
not be done using a direct titration nethod. Consequently
a spootxophotooetrio method vafl adopted to uiaorieinate between

the tvo. Aspirin and salicylic -cid do not absorb at the

s-acAu-x in UV, aspirin absorbs atAnux .iphurio
acid used as the advent.
ItOr. the re >ultu obtained, ah-an on table Il, it io

apparent that nore A.pirin is excreted in urine unaer alkalis*
condition compared to the amount excreted under acidic or normal
condition:. This is in k aping with that would bo expected -

the least amount being uxor-tad under acidic conuition,-.

Thdu. result can be ex.luined by considering the Chemistry
of the acetyl Jalicylio -oid uoleoalo and the meohani.rau of
excietian in the kidney. Aspirin being an aciaic drug will

readily ionise unaer alkaline conditions. In this state, the

A nirin is less soluble end banco not readiuy absorbed

t..-rough biological merbrana . ‘Auerofore, aliuiliitizing the tubular
fluid by inge ting -odium bioarbonato the &pirin will be

ionised to some extent. Consequently, in thie fora, very

little of the a pirin in the tubules will be reabsorbed back

into the blood stream. As such more aspirin will appear in urine.



Convex ely, under aoidio conditions very little of the
drug vill be in the ionized rora, roaultinj in more

drufj being reabsorbed book into the blood stre.ua from
the renal tubules, Hence there vill be a decrease in

the nnount of drug appearing in urine.

By alkalinizing the urine the aaount of aspirin
excreted in urine increases to about ft * 4>i Pereas
the anount excreted In aoidio condition is about ]>
A.pirin and other alioylate are rapidly distributed
to all body tis ues. 'fhi. aay explain shy ohly a mall
aaount ij exoreted in urine. The rate of exoretioa of
aspirin varies with the pH of the urine, increasing as

the pi. rises and being greatest at pH 7.5 and above,

loniauoicn d.ui]ihriua of a.Lrip.



(ULUiocaniin

ihlcarothlasl.e woo -lac spectrophotcci.jtrie I1j .malynod

atAau 288 (*]«» 700) u,inf 0.1H xxiiun hydroxide as

the solvent. x

Bio sulphaaido le group in ohlorothi-nio nuhug the neloculo
A1;hily aoidio. Qonaequantly, aider Vary alhallne
conditions it uill ionica to sooc extant V loaoinc a
_.rcton, Till. ionisation takes pieo only- to &lilted
uxtunt. llenoe Tory little of the rug vail be in the
ionised fora. Tht oxlaina why there vaa only a snail
v xiatior. in the oounts of tea rue jxoretod in urine
by rmyine urine jil*

a1 tikolinialng the urine t.tere la only a snail increase
in the amount of the drug excreted in urine ooctpjpod

to the amount assisted in ooidic oonditicna. It has
boon ho*n that after, en oral do”™o, the atreruce
rooorary of the drug in urine enror 24 hourj in man la
-bout 15-20,* la thi: experiment tho amount roeovexod
in ari w within a period ox 24 hours \m» foun*. to u

hijhcsr hen thin, inareaued to clout 30
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lonian-tix>n egnii H-inn of chlorothiazide

CuUu~'v/'V I W

*4H

.ulr.innfuj-.zole and .ulifliathiazole

The qu.-ntutivo satin tion of these drugs involves a
diaaotinatian reaction vhioh involve the reaction of
a primary aromatic aaine with Litrou aoid to form a
rHasonfna salt.

In the body these drugs are readily aootylutod, to
fora conjugated derivatives. Hence in analysing the
urine for these drugst the drags have to be subjected
to an hydrolytic reaction to unoauk the primary amine
vhioh is mede use of in the analysis, The hydrolysi;

wu done by boiling with dilute aodiun hydroxide.

Those drug, are readily oxer tod in urine with about
90 - 95JI of the drug appearing in urine aftar 24 hour

in Man. Thiu is exemplified by the results that were



22

obt-inod in this oxporiaunt, 2y nlinlInleinc the

urine th » wa on appreciable Inareso in the aaount

of tht drug, uxoretod in urine, This oan bo axplalood

by the f ~ot that un-or these condition the drugs

ore highly i uized.

£t cunh tasre id reduced ro—absorption

of the jpu e fron tho renal tubuloo rcsultin; in

ooro drug appearing in eurine. In aoi-io coalition the

r voroe ia true.

m_r-l—.ion . ..ilibriun for ulrhat-i'-.ole

Q-
jsoLPB-fiFu RftZOLE

Hoo“
OrS— KJ—S'

ulJufur”olo

AH2

It mutt be .iotwd] that expirations auvnced for the

results obt-inod. only apply for the -rug th-t has been

absorbed froa tha g-atro-inteatin”l traot and ha. been

filtered in the kidney into the rea .1 tubule.



23

cCOwWOlU.log

fho pli of urine 1* normally saint Incd wi nin fairly

jtxiat licitusually pii 6,8 - 7*4« Tho aoilifie tion

or aL”alinination of urina, viiiok take; place in tho

dir.tal tubuloa and oolleoting duets. nay h vo a

profound offoot upon the r. to of drug excrotod. Acidification
of urino inoroaaoa the re-abaarption (and tbu<

th* excretion) of voak uoidi. Cormsrnoly, alkallnizatioa
decreases the raabaerotion (and tlux incra 3a excretion)

of such weak acid*. ihrnoe the rc alto obtained c-groe

with thu obcurvution, that the excretion of weak uoids

is xocot™d in alkaline urine and retarded in aoid urine.

however, it sur.t be pointed out that there are
Aimitation to the results obtained, Thu use of oharoocl
which is a owerful adsorbent, os the colouring agent
oould be a souroe of appreciable looo of the drug.
Individual rats do net neooea-ry reopond in the saao
way to a particular drug, Ecnoo, the use of a group of
rats for the sane experiment oould result to biacud
results. Consequently, the re.jultj obt.-in.d uhoula be

aooc cod in the light ef these factors.
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